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Summary
Objective: To compare magnetic resonance (MR)-arthrography and multidetector-spiral-computed-tomography (MDSCT)-arthrography in
cartilage-thickness measurement, in hips without cartilage loss, with coronal anatomic slices as gold standard.
Method: Institutional review board permission to study cadavers of individuals who willed their bodies to science was obtained. Two indepen-
dent observers measured femoral and acetabular cartilage thicknesses of 12 radiographically normal hips (six women, ﬁve men; age range,
52e98 years; mean age, 76.5 years), on MDSCT-arthrographic and MR-arthrographic reformations, and on coronal anatomic slices, excluding
regions of cartilage loss. Inter- and intraobserver reproducibilities were determined. Analysis of variance (ANOVA) was used to test differences
between MR-arthrographic and MDSCT-arthrographic measurement errors compared to anatomy.
Results: By MR-arthrography, cartilage was not measurable at approximately 50% of points on sagittal and transverse sections, compared
to 0e6% of the points by MDSCT-arthrography. In the coronal plane, the difference between MDSCT-arthrographic and MR-arthrographic
measurement errors was not signiﬁcant (P¼ 0.93).
Conclusion: In the coronal plane, MR-arthrography and MDSCT-arthrography were similarly accurate for measuring hip cartilage thickness.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Multidetector-spiral-computed-tomography (MDSCT)-arthrog-
raphy and magnetic resonance (MR)-arthrography may
detect lesions of the hyaline cartilage of the hip1,2 which
are not detectable at conventional radiography or MR
imaging3,4. MDSCT-arthrography and MR-arthrography
have been compared in the detection of cartilage lesions
at the ankle5 and elbow6 but not at the hip, where the
spherical joint surfaces make cartilage assessment espe-
cially challenging.
The objective of the present work was to compare
MDSCT-arthrography and MR-arthrography in cartilage-
thickness measurement in hips without cartilage loss, with
anatomy as gold standard.*Address correspondence and reprint requests to: Annabelle
Wyler, M.D., Service de radiologie oste´o-articulaire, Hoˆpital
Lariboisie`re, 2 rue Ambroise Pare´, 75475 Paris Cedex 10,
France. Tel: 33-1-49-95-91-06; Fax: 33-1-49-95-86-99; E-mail:
annabellewyler@yahoo.fr
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19Methods
Permission to perform imaging studies of cadaver hip specimens was
obtained from our institutional review board. We used the nonembalmed
cadavers of 11 individuals who willed their bodies to science. MDSCT-
arthrography and MR-arthrography were performed in radiographically
normal cadaver hips, which were then sliced coronally. Areas with cartilage
loss by gross and histological evaluation were excluded. Cartilage thickness
was measured on MDSCT-arthrographic, MR-arthrographic reformations
and anatomic slices.CADAVER HIPSWe studied 12 hips from 11 cadavers of six women and ﬁve men, with
a mean age of 76.5 years (range, 52e98 years). Their anteroposterior radio-
graphs were considered normal by AW (2 years of experience) and another
radiologist (30 years of experience). Hip dysplasia, degenerative disease,
previous hip surgery or fracture were exclusion criteria.INTRAARTICULAR INJECTIONThe hips, conserved at 20 C, were thawed at room temperature. Under
ﬂuoroscopic guidance, 0.08 ml of MR contrast material (gadoteric acid,
0.5 mmol/ml; Dotarem, Guerbet, France), diluted in 15 ml of nonionic con-
trast material (300 mg of iodine/ml, iohexol, Omnipaque 300, Nycomed,
20 A. Wyler et al.: Comparison of MR-arthrography and CT-arthrographyRoskilde, Denmark) and 5 ml of isotonic saline were injected into the joint by
AW and JDL (2 years and 28 years of experience with hip injections, respec-
tively). The resulting concentration of gadoteric acid is 2 mmol/l, which is the
concentration advised at 1.5 T7. Omnipaque was chosen because of its ﬂu-
idity to allow a better diffusion in the whole joint. A soft mobilization of the hip
with some traction in the axis of the femur was done to facilitate the passage
of the contrast in the interface between acetabular and femoral cartilage. The
specimen was placed in a paperboard-and-plaster mold in the neutral
position.MDSCT-ARTHROGRAPHYA two detector-row CT scanner (Siemens, Erlangen, Germany) was used
for helical axial acquisition from the upper part of the acetabulum to the fem-
oral neck. The following standardized protocol was used: 140 kV, 150 mA,
collimation 0.5 mm, table speed 1 mm/s (effective pitch of 1), and rotation
length 1 s. Reconstructions were done using 0.5-mm sections, 0.5-mm incre-
ment, high-resolution B70s ﬁlter, 130 mm ﬁeld of view, and 512 512 matrix.
Multiplanar reconstructions with 0.5-mm sections and no gap were obtained
in three planes: the coronal plane parallel to the femoral neck, the sagittal
plane perpendicular to the femoral neck, and the axial plane.MR-ARTHROGRAPHYFig. 1. Anatomic coronal slice through the center of the femoral
head of a cadaver hip.MR-arthrography was performed using a 1.5-T scanner (General Electric
Medical System, Milwaukee, WI, USA) with a torso coil. Three T1-weighted
three-dimensional (3D) spoiled gradient recalled (SPGR) echo images with-
out fat-suppression were acquired from the upper acetabulum to the femoral
neck in the coronal, sagittal, and transverse planes, with the following param-
eters: 3D/GR/90, TR/TE 17/3, ﬁeld of view 18 18 cm, imaging matrix
256 224, slice thickness 1.5 mm, and no gap. Each acquisition was refor-
mated with 1.5-mm section thickness and no gap, indeed oblique acquisition
was not available on our scanner. The coronal acquisition was adjusted to be
in a coronal plane parallel to the femoral neck, to obtain the same plane as at
anatomy and MDSCT-arthrography. The sagittal acquisition was also
adjusted to be in a sagittal plane perpendicular to the femoral neck as at
MDSCT-arthrography.ANATOMIC EVALUATIONAfter hip dissection, the gross appearance of the cartilage surfaces was
recorded and the hips were then cut into coronal slices. Cartilage at the mea-
surement points on the coronal slices was examined histologically.
Gross appearance of hyaline cartilage
Superﬁcial tissues were removed to expose the joint, which was then dis-
articulated. Joint surfaces were rinsed with saline, stained with waterproof
green India ink (Sanford Rotring Gmbh, Hamburg, Germany), and rinsed
again so that only the cartilage lesions were green8,9. Femoral-head and
acetabular surfaces were examined without knowledge of imaging ﬁndings
(AW). The joint surfaces of the femoral head and acetabulum were each
divided into six regions1,10, which yielded 12 regions per hip (144 regions
total). In each region, the cartilage was considered to have no substance
loss when its surface was smooth or showed some ﬁbrillation but no visible
cartilage loss9,11.
Preparation of anatomic slices
The 12 hips were ﬁxed for 10 days in 10% formaldehyde solution, rinsed,
and decalciﬁed for 10 days in 5% hydrochloric acid (HCl) solution. This did
not alter the cartilage or staining. The width of femoral-head cartilage that
was not covered by the acetabulum was measured on the coronal, sagittal,
and transverse MDSCT-arthrographic and MR-arthrographic sections
through the femoral-head center (i.e., the section with the largest diameter
in each plane). The acetabulum position relative to the femoral head repro-
duced the MDSCT-arthrographic and MR-arthrographic positions, replicating
the same measurements of femoral-head cartilage not covered by the
acetabulum in the three planes through the center of the femoral head.
The hips were then cut into 0.5-mm slices in the coronal plane relative
to the femoral neck (as for MDSCT-arthrographic and MR-arthrographic
coronal reformations), using a rotating saw (MAS 9101, Bosch, Munich
Germany)9.
Histological evaluation of hyaline cartilage
The anatomic slice through the femoral-head center (i.e., with the largest
diameter) was selected (Fig. 1). Cartilage-thickness measurement points on
the femoral head and acetabulum were marked with black ink [Fig. 2(a)]. Thecartilage at and around each mark was embedded in parafﬁn and examined
histologically. Exclusion of regions with cartilage loss by gross and/or histo-
logical examination9,11 eliminated 11 measurement points among the 228,
i.e., 4.8%.CARTILAGE-THICKNESS MEASUREMENTSCartilage-thickness measurements by MDSCT-arthrography
and MR-arthrography
As in the gross examination, we selected the section through the center of
the femoral head, i.e., through the greatest head diameter in each reforma-
tion plane. In each plane, cartilage thickness was measured independently
by two musculoskeletal radiologists blinded to the anatomical ﬁndings
(AW, JDL). One of them (AW) performed the measurements twice at an
interval of 2 weeks, with the MDSCT-arthrogram and MR-arthrogram
presented in a different order each time. MDSCT-arthrography and MR-
arthrography images were printed out on ﬁlm with a zoom factor of one.
Measurements were taken at selected points that were marked on the ﬁlms
with a ﬁne pointed HB pencil, using a 10 magnifying glass with a scale
marked in increments of 0.1 mm [Fig. 2(aec)].
Anatomic measurements
Cartilage thickness on the femoral head and acetabulum was measured
twice, 2 weeks apart, by a musculoskeletal radiologist (AW) blinded to imag-
ing measurements. Measurements were made on the anatomic slice through
the center of the femoral head, at the points used for MDSCT-arthrography
and MR-arthrography, using a 10 magnifying glass [Fig. 2(a)]. Slices’ order
was different at the two measurement sessions.STATISTICAL ANALYSISInter- and intraobserver variabilities were assessed using the mean differ-
ence between the measurements and by computing intraclass correlation
coefﬁcients.
Descriptive statistics were computed for cartilage-thickness measure-
ments by MDSCT-arthrography, MR-arthrography and anatomy. Since ana-
tomic evaluation was the reference standard, the mean of the two anatomic
measurements was used to minimize errors.
To look for differences between MR-arthrographic and MDSCT-arthro-
graphic measurement errors vs anatomy in the coronal plane, an analysis
of variance (ANOVA) was performed with two factors (measurement site
and imaging technique).
All tests were two-sided with a signiﬁcance level set at 0.05.
Fig. 2. Diagrams showing the measurement points used in each plane. (a) Coronal plane through the femoral head center. C: center of the
femoral head; C0: center of the femoral neck; E: superolateral point, on the ray starting at C and passing through the most lateral part of the
subchondral sclerosis in the acetabular roof; V: apical point with C0CV¼ 130; T: superomedial point, on the ray starting from C and passing
through the most medial part of the subchondral sclerosis in the acetabular roof; and If: central point on the femoral head just above the fovea.
(b) Sagittal plane through the femoral head center. A: Anterosuperior point; C: center of the femoral head; 90: point vertical to C; and P:
posteroinferior point. (c) Transverse plane through the femoral head center. C: Center of the femoral head; AH: middle of the anterior acetab-
ular horn; Prefovf: prefoveal point on the femoral head just anterior to the fovea; Retrofovf: retrofoveal point on the femoral head just posterior
to the fovea; and PH: middle of the posterior acetabular horn.
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Table I
Inter- and intraobserver reproducibilities for anatomic MR-arthrographic, and MDSCT-arthrographic measurements
Anatomy MR-arthrography MDSCT-arthrography
Intraobserver Intraobserver Interobserver Intraobserver Interobserver
Intraclass correlation coefﬁcient 0.85 0.95 0.56 0.89 0.22
Mean difference in cartilage-thickness
measurement (mm)*
0.040 0.32 0.002 0.25 0.060 0.46 0.020 0.25 0.090 0.41
*Data are mean standard error.
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Intraobserver reproducibilities for anatomic, MDSCT-
arthrographic and MR-arthrographic evaluation were good,
but interobserver agreement for MDSCT-arthrography and
MR-arthrography was poor: 95% of the interobserver mea-
surement differences ranged at MDSCT-arthrography from
0.73 mm to þ0.91 mm and at MR-arthrography from
0.98 mm to þ0.86 mm (Table I).
Mean cartilage-thickness values on coronal, sagittal, and
axial imaging reformations through the center of the femoral
head and on coronal anatomical sections ranged from
0.32 mm to 2.83 mm on the femoral head and
from 0.95 mm to 3.13 mm on the acetabulum (Figs. 3e5,
Table II). On coronal sections, femoral-head cartilage was
the thickest around the fovea, with values ranging from
1.5 mm to 3.8 mm at CT-arthrography and from 1.9 mm to
4.7 mm at MR-arthrography. Acetabular cartilage was the
thickest at the periphery of the acetabulum, with values
ranging from 1.4 mm to 4.8 mm at MDSCT-arthrography
and from 1.5 mm to 3.9 mm at MR-arthrography. At MR-ar-
thrography, cartilage thickness was not measurable at 47%
(17/36) of femoral head and 48% (16/33) of acetabular
measurement points in the sagittal plane and at 50% (12/
24) of acetabular points in the transverse plane [Figs. 4(b)
and 5(b), Table III].
The difference in the coronal plane between MR-arthro-
graphic and MDSCT-arthrographic cartilage measurement
error compared to anatomy was not signiﬁcant (P¼ 0.93)
at any of the measurement points (P¼ 0.45).Fig. 3. Coronal reformation through the center of the femoral head of a cad
ment points on the femoral head (thin arrows) andDiscussion
Our data indicate that measurement errors in the coronal
plane were not signiﬁcantly different between anatomy and
either MR-arthrography or MDSCT-arthrography.
Other groups have measured hip cartilage thickness
using punch-biopsies12 or ultrasonography13e15 of normal
cadaveric hips or 3D MRI of femoral heads in healthy volun-
teers16, with thickness results comparable to ours.
In our study, MR-arthrography and MDSCT-arthrography
had similar accuracies for cartilage-thickness measurement
in the coronal plane, compared to anatomy. Few studies
have compared these two techniques for the evaluation of
thin hyaline cartilage. Waldt et al. found that MDSCT-
arthrography and MR-arthrography performed similarly in
the detection of cartilage lesions in the elbow6, while
MDSCT-arthrography has been found more reliable than
MR-arthrography for detecting cartilage lesions in the an-
kle5. We are not aware of such comparisons at the hip. Sim-
ilar mean errors in cartilage-thickness measurements
compared to anatomy were found in different studies at
MR-arthrography and at CT-arthrography: 0.27e0.29 mm
with MR-arthrography in glenohumeral joints17, 0.28
0.23 mm with MR imaging in hips18 and 0.30 mm with CT-
arthrography in hips10.
One likely explanation to the measurement errors of the
cartilage thickness in our study was the difﬁculty in match-
ing measurement points on CT-arthrogram and MR-arthro-
gram to those on anatomic slices was difﬁcult: accurate
matching requires identity of the coronal plane, sectionaver hip. (a) MDSCT-arthrogram and (b) MR-arthrogram. Measure-
on the acetabulum (thick arrows) are shown.
Fig. 4. Sagittal reformation through the center of the femoral head of a cadaver hip. Measurement points on the femoral head (thin arrows) and
on the acetabulum (thick arrows) are shown. (a) MDSCT-arthrogram and (b) MR-arthrogram: cartilage thickness was not assessable at 47% of
the measurements points in the sagittal plane, especially on the acetabulum (thick arrow).
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relative to the femoral head, and location of measurement
points on CT and MR sections and anatomic slices. This dif-
ﬁculty affects the two techniques and so did not interfere in
their comparison. Differences in measurement point posi-
tioning across observers possibly contributed to the poor in-
terobserver agreement, which included both measurement
point positioning and cartilage measurement. The measure-
ment error compared to anatomy might also be ascribable
to the partial volume effect, an artifact to which hip cartilage
imaging is particularly sensitive. Indeed, hip cartilage is very
thin, and because the joint surfaces are curved, the imaging
plane is rarely perpendicular to the cartilage surface. CT-
arthrographic spatial resolution is limited by pixel size.
Moreover, owing to the anisotropy of CT scan acquisition,
spatial resolution was not as good in the coronal plane
studied as in the acquisition plane. MR spatial resolution
is limited by voxel size, approximately 0.7 0.8 1.5 mmFig. 5. Transverse reformation through the center of the femoral head
Measurement points on the femoral head (thin arrows)and its anisotropy. To compensate the voxel anisotropy,
three 3D acquisitions were done: in the coronal, in the sag-
ittal, and in the transverse planes. Then, each acquisition
was a bit adjusted to obtain the same plane as at anatomy
and CT-arthrography, indeed oblique acquisition was not
available on our scanner. This way, we kept almost the
smallest resolution 0.7 0.8 mm in each study plane. Since
the hip is a deep joint, a torso coil was chosen rather than
a surface coil, in order to use the same coil in all hips re-
gardless of cadaver weight. The interface between the sub-
chondral bone ﬁlled with fatty marrow and the highly
hydrated deep cartilage layer can create a chemical shift ar-
tifact, responsible for spurious thickening of the subchon-
dral bone. This interface may also give rise to magnetic
susceptibility artifacts. Fat-suppression and bandwidth-in-
crease, which can be used now with multichannel coils,
may minimize these artifacts. Another possible cause of
cartilage-thickness measurement error is impregnation ofof a cadaver hip. (a) MDSCT-arthrogram and (b) MR-arthrogram.
and on the acetabulum (thick arrows) are shown.
Table II
Mean cartilage-thickness values on anatomic slices, MR-arthrographic and MDSCT-arthrographic sections through the center of the femoral
head
Plane and measurement points Acetabulum Femoral head
Anatomic
thickness (mm)
MR-arthrographic
thickness (mm)
CT-arthrographic
thickness (mm)
Anatomic
thickness (mm)
MR-arthrographic
thickness (mm)
CT-arthrographic
thickness (mm)
Coronal plane
Superolateral 2.97 0.28 2.56 0.67 3.13 0.23 0.80 0.15 0.61 0.44 0.32 0.12
Apical* 1.68 0.12 1.63 0.49 1.53 0.11 1.85 0.15 1.38 0.38 1.49 0.12
Superomedial 1.30 0.14 0.67 0.41 0.95 0.17 2.28 0.18 1.82 0.62 1.90 0.20
Centraly NA NA NA 2.83 0.21 2.68 0.73 2.44 0.21
Sagittal plane
Posteroinferior e 1.38 0.12 1.54 0.23 e 1.03 0.33 0.87 0.06
Superiorz e 1.62 0.56 1.55 0.24 e 1.48 0.44 1.36 0.13
Anterosuperior e 1.75 0.84 1.32 0.19 e 1.09 0.42 0.95 0.08
Transverse plane
Anterior horn e 1.03 0.51 0.95 0.05 e 1.59 0.73 1.27 0.27
Posterior horn e 1.19 0.36 0.99 0.05 e 1.54 0.45 1.28 0.15
Prefoveal NA NA e 2.55 0.57 2.53 0.25
Retrofoveal NA NA e 2.21 0.41 1.91 0.20
Except where indicated, data are mean  standard error. Anatomic measurements were performed in the coronal plane only. NA: not
applicable.
*Point located at a 130 angle from the neck shaft.
yPoint located on the femoral head just above the fovea.
zThe point on a vertical line passing through the center of the femoral head.
24 A. Wyler et al.: Comparison of MR-arthrography and CT-arthrographythe cartilage by gadolinium during the interval between in-
traarticular contrast injection and MR examination, about
60e90 min in our study.
In contrast to MDSCT-arthrography, MR-arthrography
failed to allow cartilage-thickness measurement on sagittal
acetabular sections and transverse sections at a substantial
percentage of points. This is probably ascribable to a lower
spatial resolution of MR-arthrography, although the voxel
anisotropy was compensated as we explained, indeed in
these planes, the cartilage is thinner than in the coronal
plane. The sagittal and transverse sections through the
greatest femoral head diameter were selected to maximize
reproducibility, but did not involve the regions of maximal
cartilage thickness. The magic angle effect may affect car-
tilage measurements especially in the sagittal and axial
planes due to the sphericity of the acetabulum joint surface
in these planes contrary to the coronal plane.Table I
Percentage of points where cartilage thickness was not assessable, and
points, by MR-arthrography
Percentage of points where cartilage
thickness was not assessable*
MR-arthrography CT-arthrography
Coronal plane
Acetabulum 2.94% (1/34) 0% (0/34)
Femoral head 0% (0/47) 0% (0/47)
Sagittal plane
Acetabulum 48.48% (16/33) 0% (0/33)
Femoral head 47.22% (17/36) 0% (0/36)
Axial plane
Acetabulum 50% (12/24) 4.17% (1/24)
Femoral head 16.30% (7/43) 6.98% (3/43)
*Data in parentheses: the ﬁrst value is the number of points where cartil
number of measurement points in that plane in the 12 hips, excluding po
yn is the total number of hips.Our study has several limitations. First, only 12 hips were
examined. Second, although the radiographs were normal,
a few measurement points had to be excluded because of
focal cartilage loss. However, all measurements were per-
formed at sites without cartilage loss. Third, the use of
hips from elderly subjects may have inﬂuenced the results.
However, Sheperd and Seedhom found no variation with
age in hip joint cartilage thickness12. Fourth, we compared
cartilage thickness on CT-arthrogram and MR-arthrogram
of nonembalmed cadavers and on anatomic slices after
formaldehyde ﬁxation, which may modify the cartilage.
However, Adam et al. found no effect of ﬁxation on knee
cartilage thickness measured by ultrasonography19. Histol-
ogy disclosed no evidence that HCl decalciﬁcation altered
the cartilage. Last, MR technical performances, especially
regarding spatial resolution and isotropy of the voxel, are
also steadily improving20e22. MR imaging at 3.0 T increasesII
number of hips in which cartilage thickness was measurable at all
and CT-arthrography
Number of hips in which cartilage thickness
was measurable at all points (n¼ 12)y
MR-arthrography CT-arthrography
11 12
12 12
2 12
5 12
4 11
5 9
age thickness was not assessable, and the second value is the total
ints with cartilage lesions.
25Osteoarthritis and Cartilage Vol. 17, No. 1the accuracy of cartilage lesion assessment when com-
pared with imaging at 1.5 T22. Although a soft mobilization
of the hip with some traction in the axis of the femur was
done after contrast material injection, a leg traction system
to improve the delineation of the acetabular and femoral
cartilage by interposition of a layer of joint ﬂuid could also
have been used2,18,23.
The beneﬁt of our study results was to compare MDSCT-
arthrography and MR-arthrography which have never been
done in the hip, with the best gold standard, the anatomy.
In summary, MR-arthrography and MDSCT-arthrography
showed similar accuracy for measuring hip cartilage thick-
ness in the coronal plane. In the sagittal and transverse
planes, cartilage thickness was often not measurable by
MR-arthrography contrary to MDSCT-arthrography.Conﬂict of interest
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